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DOCUMENTATION FOR THE MACHINE-READABLE VERSION 

OF THE 

Catalog of Interferometric Meaeurements of Binary Stars 

(McAlister and Hartkopf, Version 1985 June) 

ABSTRACT 

The machine-readable version of the catalog, as it is currently being 
distributed from the Astronomical Data Center, is described. The catalog is a 
compilation of measurements of binary- and multiple-star systems obtained by 
speckle interferometric techniques. Stars that have been examined for 
multiplicity with negative results are included, in which case upper limits 
for the separations are given. The catalog also contains alternate 
identifications for all systems, epochs of observation, reported errors in 
position angles and separations, and bibliographical citations. 
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SECTION 1 - INTRODUCTION 
The Catatog oj' Intrrferometrio Measursments of Binary Stars (McAlister and 
Hartkopf 1985) contains all measurements of binary- and rmltiple-star systems 
obtained by speckle interferometry (and known to the authors), including 
negative examinations for duplicity, as of 1985 June. Although the primary 
data of the compilation are observed separations and position angles, their 
errors, epochs of measurement, and bibliographical references, ancillary data 
such as alternate identifications, including designations in the Lick Index of 
Visual Double Star8 (IDS, Jeffers et at. 19631, are given to facilitate 
identification of the systems. 
it as new observations become available and to issue current versions from 
time to time. 

The compilers of the catalog intend to update 

This document describes the machine-readable version of theCUtazOg Of 
Interferometric Msasuremsnts Of B i n a r y  Stars, Version 1985 June, as it is 
currently being distributed from the Astronomical Data Center (ADC). It is 
intended to enable users to read and process the data without problems and 
guesswork. For additional details concerning the data compilation, users 
should consult the introductory file of the catalog, which should be printed 
out or displayed on a terminal and read in any case. 
should accompany any secondary copy of the machine version originally obtained 
from the ADC. 

A copy of this document 

SOURCE ReFERENCE 

McAlister, H. A. and Hartkopf, W. I. 1985, Catatog of IntePfQPOmetriC 
Mea8uremsnte Of Binary stcZP8, Version 1985 June (see Center for High Angular 
Resolution Astronomy, Georgia State University, CHARA Contribution No. 1, 
1984). 
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SECTION 2 - TAPE CONTENTS 

Deta i led  d e s c r i p t i o n s  of t he  conten ts  of the  Catalog of Interferometric 
Measurement8 of Binary Stars are given i n  Tables 1-3. The suggested format 
can be modified depending upon usage, but care must always be exerc ised  when 
changing c h a r a c t e r  formats t o  i n t e g e r  o r  real. It should a l s o  be kept i n  d n d  
t h a t  d e f a u l t  values f o r  most A formatted d a t a  are blanks and numerically 
formatted WRITE o r  PRINT s ta tements  w i l l  produce zero  values. 

Table 1. Tape Contents. Catalog of Interferometric Measurements of Binary 
Stars. Version 1985 June, In t roductory  F i l e .  

Byte(s )  Descr ip t ion  

1- 80 In t roduc t ion  and b ib l iog raph ica l  re ferences  ( f r e e  t e x t  i n  upper and 
lower case cha rac t e r s ) .  

Table 2. Tape Contents. Catalog of Interferometric Measursmsnts of Binary 
Stars. Version 1985 June, Data F i l e .  

Suggested Default  
Byte(s )  Units format va lue  Descr ip t ion  

1- g --- A9 _-- ADS number inNew General Catalogue of 
Doubts Stars (Aitken 1932), HR number 
i n T h e  Bright Star Catalogue ( H o f f l e i t  
1982), o r  DM number i n  series of 
Durchnusterung ca t a logs :  Bonner 
Durchmustemng (Argelander 1859-1862; 
Kustner 1903) i n  zones +89" t o  -1" o r  
i t s  southern ex tens ion  (Schonfeld 
1886) i n  zones -2" t o  -22'; Cdrdoba 
DM (Thome 1892-1932) in zones -23" t o  
-51"; andcape  Photographic D'd ( G i l l  
and Kapteyn 1896-1900) i n  zones -52" 
t o  -89". 

10- 11 --- 2x 

12- 25 --- A 1  4 

26 --- 1x 

--- Blank 

--- S t a r  name. Common name f o r  system. 
When a v a i l a b l e ,  t he  Bayer or  Flamsteed 
des igna t ion  may be used. Three- 
c h a r a c t e r  abbrev ia t ions  f o r  Greek 
le t ters  are used where appropr ia te .  

--- Blank 
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Table 2 Ccontinued) 

Suggested Default  
Byte(s) Units format value Descr ip t ion  

27- 28 --- A2 --- The cha rac t e r s  "HD" f o r  f'ne ifem$ 
umyer Catalogue (Cannon and Pickering 
1918 -1924) andl'he Henry Urnper 

h 'z tumion  (Cannon 1925-1936, Cannon 
and Walton Mayall 1949). 

29 --- 1x Blank 

HD number. --- 30- 35 --- I 6  

36- 37 --- A 1 , I l  I- Hyphen (-1 followed by the  last d i g i t  
of HD number of companion star,  when 
each  binary component has its own 
HD number. 

Blank --- 38 --- 1x 

39- 41 --- A 3  --- The cha rac t e r s  "SAO" f o r  Smithaorlian 
A 8 t r O p h y 8 i ~ ~  L Ob80PVatOPg Star Catalog 
(SA0 S ta f f  1966). 

42 --- 1x Blank 

43- 48 --- I 6  --- SA0 number. 

49- 50 --- 2x --- Blank 

51- 60 --- A10 --- IDS des igna t ion  f o r  t he  system, 
equinox 2000.0. 

U --- 51- 52 hours 12  

53- 55 min I 3  (P3.1) -- U 

0 57- 58 I 2  6 

61 --- 1x --- Blank 

62 --- A 1  --- "n" i n d i c a t e s  t h a t  no tes  are included 
i n  the  remarks f i l e .  

63 --- 1x --- Blank 
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Byte ( s 

64 

65 

66- 74 

75- 76 

77- 81 

82 

83 

84- 87 

08- 89 

90 

91- 95 

96 

97 

98-102 

Suggested Defaul t  
Un i t s  format value Description 

-_- A1 --- 'I*" i f  t h i s  record includes a change 
from the  f i r s t  e d i t i o n  of the  catalog.  

--- 1x --- Blank 

years  F9.4 --- Epoch of observat ions.  The prec is ion  
v a r i e s ,  so t r a i l i n g  b y t e ( s )  may be 
blank. 

0 F5.1 blank Observed p o s i t i o n  angle.  The repor ted  
p rec i s ion  varies, so byte  81 may be 
blank. 

Blank --- 1x --- 
--- AI --- ">" i f  t he  p o s i t i o n  angle  e r r o r  

repor ted  is a lower l i m i t .  

0 F4.1 blank Error  i n  measurement of t he  
p o s i t i o n  angle ,  i f  it is e x p l i c i t l y  
given i n  t h e  source. The p rec i s ion  
v a r i e s  and byte 86 may be blank. 

Blank --- 2x --- 
-e- AI --- II < II i f  t he  angular separa t ion  reported 

i s  an upper l i m i t .  

I S  F5.3 Observed angular separa t ion .  The  
p rec i s ion  v a r i e s ,  with lower prec is ion  
ind ica t ed  by b l a n k s  i n  t h e  t r a i l i n g  
by te s  of the  f i e l d .  

i f  t he  e r r o r  i n  t he  angular --- #I> I1  A1 
sepa ra t ion  repor ted  is  a lower l i m i t .  

I1 F5.3 --- Error  i n  t h e  angular separa t ion ,  i f  it 
is  e x p l i c i t l y  given i n  the  source. 
The prec i s ion  va r i e s .  

103-104 
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Table 2 (concluded) 

Suggested Defaul t  
Byte(s )  Units format value Descr ipt ion 

105-106 --- A2 --- Two-character code f o r  the  
b ib l iog raph ic  reference.  
References are given i n  the  
in t roduc to ry  f i l e .  

107 --- 

108 --- 

A 1  

A 1  

--- "n" i n d i c a t e s  t h a t  notes  are included 
i n  t h e  remarks f i l e .  

--- "*" is  given only t o  f l a g  a change 
from the  f i r s t  e d i t i o n  of t h i s  ca ta log  
(same as byte  64). 

Table 3. Tape Contents. ~ ' a t u  log of I nturf'eromutric Muasur'emente of dimry  
j r k s  f i l e .  

Byte(s )  Descr ipt ion 

1- 80 Notes t o  t h e  ca t a log  ( f r e e  t e x t  i n  upper and lower case cha rac t e r s ) .  

2-4 



SECTION 3 - TAPE CHARACTERISTICS 

The information reported i n  Table 4 is s u f f i c i e n t  f o r  a u s e r  t o  descr ibe the  
indigenous c h a r a c t e r i s t i c s  of t h e  machine vers ion  of t h e  ca t a log  t o  a 
computer. Tape parameters t h a t  a r e  e a s i l y  var ied  among computer 
i n s t a l l a t i o n s ,  such a s  block s i z e  (phys ica l  record length 1 , blocking f ac to r  
(number of l o g i c a l  records per  phys ica l  record) ,  t o t a l  number of blocks,  t ape  
dens i ty ,  and i n t e r n a l  coding (EBCDIC, ASCII, etc.) ,  a r e  not  l i s t e d  here,  but 
should always be t ransmi t ted  with tape copies of t h e  catalog. 

Table 4. Tape Characteristics. Catatog of’ Int8PfePOmetr&? Mea8UPeme?1t8 of 

NUMBEROFFILES e . . 3 

LOGICAL RECORD LENGTHS (BYTES) . 8 0 ,  108, 80 

RECORDFORMAT FB* 

NUMBERS OF LOGICAL RECORDS 0 v 92, 3564, 5488 

~~ ~~ ~ ~~ 

* Fixed block length ( l a s t  block may be s h o r t )  
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SECTION 4 REMARKS, MODIFICATIONS, ACKNOWLEDGMENTS, AND REFERENCES 

The Catalog of Interf eromstrio Measurement8 of B h a r y  Stara was received on 
magnetic tape from Drs. H. A. McAlister and W. I. Hartkopf of Georgia State 
University on June 11, 1985. As received, the entire catalog was Contained in 
a single tape file, which had been formatted to produce the printed version. 
In order to make the data file homogeneous and fully processable by computer, 
the introduction (including references) and notes were separated from the data 
and placed into individual text files, and the data file was edited and 
computer processed to prepare a uniform data set. The data processing included 
the restructuring of all data records so that each observation contains the 
full complement of identifications. This allows for searches to retrieve 
single records giving all information relevant to a system and for sorting the 
entire file by any one of the data fields contained in the individual 
observations. This format also makes it possible to update the catalog by 
preparing a separate file of new observations in the same format, then merging 
the new file into the old one by simply including the new data and resorting 
the entire data file. 
catalog identifications previously left justified and the addition of the 
digits "19" to complete the full representation of each epoch of observation. 
The logical record length was expanded to allow for increased precision in 
certain data fields, as recommended by Dr. Hartkopf. In general, the data file 
was formatted to uniformly accommodate each data field in the present catalog 
and to allow for potential changes in future editions. 

The reformatting included the right justification of all 

ACKNOWLEDGMENTS 

Appreciation is expressed to Drs. Hal McAlister and B i l l  Hartkopf for supplying 
thecatalog Of IntePf'ePOmetriC Measurements of Bina ry  Stars on magnetic tape. 
Dr. Hartkopf also responded to initial inquiries concerning the reformatting of 
the data file and provided information about the increase in precision for 
epoch and position angle in future editions of the machine version. In 
addition, the compilers kindly reviewed a preliminary copy of this document, 
offering comments and suggestions. They have also agreed to consider adoption 
of the standardized format for future editions of the catalog to preclude the 
extensive modifications required to produce the present machine version. This 
cooperation is greatly appreciated and will ensure that future editions of this 
valuable compilation will become available for distribution to the scientific 
community soon after completion. 

4- 1 



REFERENCES 

Aitken, R. G. 1932, New General Catalogue of Double Stara within 1200 of the 
North Pole, carnegie Institution of Washington Pub. No. 417 (Washington, DC: 
Carnegie Institution of Washington). 

Argelander, F. 1859-1862 , Bonner Sternveraeichnia, Erste bis dritte Sektion, 
Aatronomiachen Beobachtungen auf der Stemtwarte der Koniglichen Rhein, 
Friedrich-Wilhelms-Universitat zu Bonn, Bands 3-5. 

Cannon, A. J. 1925-1936, The Henry Dru2per Extension, Ann. Aatron. Oba. Harvard 
College - 100. 

Cannon, A. J. and Pickering, E. C. 1918-1924, The Henry Draper Catalogue, Ann. 
Aatron. Ob80 HaNard COlZSgS 91-99. -- 

Cannon, A. J. and Walton Mayall, M. 1949, The Henry Dmper Extension, The Annie 
J .  Cannon Memorial Vobune, Ann. A8trOn. Oba. Haruard College - 112. 

Gill, D. and Kapteyn, J. C. 1895-1900, Cape Photographic Lkrchmutsrung, Ann. 
Cape Obs. 3 (1895, Part I: zones -18O to -37O); 4 (1897, Part 11: zones 
-38O to -550); 5 (1900, Part 111: 

- 
zones -53O to -89O). 

Hoffleit, D. (with the collaboration of Jaschek, C.) 1982,The B f i g h t  Star 
Catalogue, 4th revised edition (New Haven: Yale University Observatory). 

Jeffers, H. M., van den Bos, W. H. and Greeby, F. M. 1963, Index CUtatogue Of 
Visual Double Stara, Fub. Lick Oba. - 21. 

Khtner, F. 1903, Bonner Durchmuateruny de8 Ntrrdlichen Himmela, zweite 
berichtigte Auflage, Bonn Universitats Sternwarte (Bonn: A. Marcus und E. 
Weber‘s Verlag). 

McAlister, H. A. and Hartkopf, W. I. 1985, Catalog of Interferometric 
MeaaUPement8 of Binary Start?, Version 1985 June (see Center for High Angular 
Resolution Astronomy, Georgia State University, CHARA Contribution No. 1, 
1984). 

Schonfeld, E. 1886, Bonner Sternveraeichniaa, Vierte Sektion, Aatronomiache 
Beobachtungen auf der S t e m r t e  der Kb’niglichen Rheiniachen Friedrich- 
WiZheh8-UniVer8it&t 2u Bonn - 8, Part IV (Bonn: 

Smithsonian Astrophysical Observatory Staff 1966, Star Catalog: Poaitiona and 
Proper Motions of 258,997 Stars for the Epoch and Equinox of 1950.0,  htb. of 
the Smithsonian Institution of Washington, DC No. 4652 (Washington: 
Smithsonian Institution). 

Adolph Marcus). 

Thome, J. M. 1892-1932 , Cdrdoba DullChmu8ter~ng, ReSUltadO8 del Obasruatorio 
NacionaZ Argentino 16 (1892, Part I: 
-320 to -42O), 2 ( Z O O ,  Part 111: 
IV, -52O to -62O), 21 (Part 11) (1932, Part V: -62O to -goo). 

-22O to -32O1, 17 (1894, Part 11: 
-42O to -52O1, 21 (Part I) (1914, Part 

4-2 

I 



SECTION 5 - SAMPLE LISTING 

The sample l i s t i n g s  given on the  fol lowing pages conta in  l o g i c a l  data  records 
e x a c t l y  a8 they are recorded on the  tape.  Groups of records from the begin- 
ning and end of each f i l e  are i l l u s t r a t e d .  The beginning of each record and 
t h e  bytes  wi th in  the  record are ind ica t ed  by the  column heading index across  
t h e  top of each page ( d i g i t s  read v e r t i c a l l y ) .  

5- 1 



w 
cl 
w 
k 

w 
a 
U 
cc 
E 
0 

PC 
La 

w 
0 

PC 
0 

u 
w 
PC 

La 

0 

c2 
x 
U 
cc 
w 
w 
J 

s 
$4 
4J c n 

.i a 
a m 
0 
E 
yc 
& 
Q 
4J 
C 
n 

z i! 
Y 

I;! 
is 

n 
fl. 

ID 
0 
0 

3 
PC w 
Y s 
s a x 
U 

yc a 

$ & 

m 
X 

n 
a m 
-4 
rl 
rl 

2 
s 
: 
& 
P) 
4J a 

s 
4 
a 
rl 
0 
& m 
X 

P : 
a 
0 
k 
4J 

& rl 
0 
yc 3 
k 
9) 
4J 

u 5 

c - 

& m 

I 
Q 
rl a 
v i  
4J 
4 

t 

1 
a 
C 

I 
A 
& m c 
-4 
P 
yc 
0 

a 
Q) 
k 
111 
m 
Q) 
8 

rl 
rl m 
111 
0 a 
1 
rl 

.4 

0 
rl 

4J m 
0 

UI 
-4 

m 

a 

: 
m 

m 

6 

z 
4J 
111 
$I 
u1 

& m 
4J 
111 
A 
& 

.?I 
P 

5 

2 

n 
Q 

k 

a 
9) 
-4 
& 
4J 
9 
Q c 
b 

m co m 

Q 
C 

7 
ccc 
0 

111 

e 

a 

m 
4 

$, 
4J 
.d 
0 
-4 
rl a 
1 v 
k 
0 
yc 

I 
m 
5 

e 4  

M 
9) a 

w 
' P  w 

9) c 
4J 

ccc 
0 

I 
& 
0 
yc 
4) e. 
4J 
c 
-4 

c 
9) > 
-4 
I 
0 
k 

m 
0 
4J m c 
-4 
U cc 
0 
0 
0 

9) 

m 

F 
c; m 
0 
rl m 
4J m 
0 

cc 
9) c 
4J 
0 

d 
rl 

1 . Q  m 
rl 
-4 
m s m 
Q 
& 
Q c 
3 

2 * 
rl 
m 
M 
A m 
3 
rl m 
Q 
& m 
a 
& 
Q 
P 

1 c 
e 

3 
a 
C 

P 
X 

m 

n 
0 
0 
0 
N 

2 
C 
*4 

W 
Q 

a 

Y 

5 
-4 
4J 

5 0 

c 
4J 

5 > 
P) 

k n 
Q 
A 

2 
vi 
rl 
Q 
111 
M 
0 

Q c 
4J 
yc 
0 

m 

5 

2 

-4 
4J 
0 m 

0 r 
4J 
M 
m 
c 

-4 

h 
rl a 
& 

-4 
C 
1 
Q 
& m 
M 

0 a w 

>" 
m 

2 

5 



w 
J 
H 

Lb 

w 
a 
U 
c- 
E 
0 

0: 
k 

v) 

P 
I 
0 
u 
W 
I 

Lb 

0 

tl 
z 
H 

cc 
v) 

H 

J 

a 
0 
k 
4J 
C n 

.i 
m 

m 1 
Q) 
E 
w 
& 
9) 
4J 
C 
n 

!ii X 

c- 3 
Y 
H 
Ir. 

ul 
N 
F 

0 cc 
9 
0 
e 

H 
3 
0 

v) 

E m 

0 
CO 

X 
G 

2 
i! 

i 
0 

> 

9 
0 
c 

2 
0 

i 

c m 
n 
rl 
9) 
P 
r( 

c 

d 

B 
Y 

4 

UI 
Q 
rl 
& c a 
X 

E 
0 

I) 
Q 

0 
UI 
9) 
rl 

3 

- 
4 

2 
2 

9 

9) 

m 
13 

.I4 
3 

I 
0 

& 
4J 

s 
2 

b 
0 
c 

2 
0 

M 
OI 
N . 

ul m 

0 

A 
& 
9) 
4J 
4J 
Q 
J 

C 
0 
k 
4J 

. 
c 

a 
4J 
Q) 
*rl 
s 
0 
v) 

U co 
0, 

. 
e 

a 
s 

4 

2 
5 
i 
? 
s 

3 0 

a m 

a 

m 

m 
m 

P 
9) 
rl 

II 

z 
m 
0 
c 

2 
0 

i 

0 

U 

m 
a) 

c 

4 

a 
a 
v1 

a 
b 
b m 

4 

c 

4 

UI 
I 
& 

X 
a 
m 

9 

9s 
? 

. 
a 

rl 
9) 

a" 
4 

. .  

tl 

4J 

I c 
0 
u) 

I I  

u) 

4 

2 

c 

c 
F 
c 

. 
& 
Q 
4J 
+, 

4J 
4J 
.rl 
& 
4J 
v) 

3 

4 

w 
& 

A 
P 
1 
X 

4 

m 

4 

J 
w 
9) 
P 
9) 
X 

. 
- 

? 
4 

Q 
0 u 
II 

N 
u) 

co 
c 
c 

2 2  
0 0  

!-J 

a 
9 

2 
.a 
s 

0 
rl 
P 

CI 

UI 

P 

i 0 

9) 
CI 
4J 

& 
& 
1 
0 

N 
9 

0 z 
I 
1 

.I4 
7 
P 
0 
4 
rl 
0 u 
3 

9 

" 

P 
H 

4 

e 
co m 
c 

M 
c 
c 

2 
0 L! 

rl 
rl 
Q 

J 
s 
Ii a 
9) 

N 
C 

& 
Ir. 

f3 

0 

a 
C 

C 
0 
4J 
I 
C 
-4 
& 
& 

X 

v) 

4 

m 

m 

m 

9s . 
c 
0 
& 

9) 
UI 
Q) 
I 
& 

4J 
v) 

Q) 
rl a 
rl 
4J 
rl s 
E 

m 

m 

U 
c 
c 

2 
0 

i 

m 
ul 
c 

a . 
c 

d z 
b 
9 
c 

d z 
r: 

.rl 
4J 
Q) 
rl 
4 
1 m 

E 
0 
4J 

> 
& 
9) 
UI 
A 
0 

m 

VI 
e 
e 

2 
0 

i 

4 

a 
v) 

4 

5 
s 
d 

a 
& 

4 

& 
0 
4J 
4J 

4J 
4J 
rl 
k 
4J 
v) 

3 

4 

? 
3 . 
Q 
0 u 
4 

z 
W 
a 
& 

A 

X 

4 

m 

9 

i 
w, 

4 

9) 
P 
0) 
X 
II 

M 
u) 

9 
c 
c 

2 
0 

ii 

c 
.r( 

1 
Q 

1 0 

2 
5 
4J 

& 
& 
1 u 

N 
9 

.. 

d 

a 
X 

4 
1 
P 
0 
rl 
rl 
0 
0 

5 + 
n 

4 

c 
00 m 
c 

c i  
9s 

d 
5 

i 
rl a 

a 

b 
c 
c 

2 
0 

i 

0 
N 

M 
9 
N 

4 

e 
ul 

3 

2 
4 

0 
el 
QI 
c 

P 

s 
9 

UI 
& 
Q 

-4 
II 

s 
c 
N 
e 

2 
0 

3 

M 
U 

9 
VI 

4 

? 
2 

4 

N 
N m 
c 

J . 
I 4  
rl 
rl 
k 
& 
Q 
E 
II 

2 

c 

B 
3 

m 
X 

H 

a 
E 

P 
X 

N M W V I  

2 2 2 2  

2 2 2 2  0 0 0 0  

u o o u  
3 3 3 3  



w 
4 
H 

L4 

W 
a * 
cc 
E 
0 
p: 
r.4 

v) 

n 
p: 
0 

u 
W 
rr: 
L4 
0 

f3 

z 
H 

cc 
v) 

H 

4 

0 
N 

0 cc 
c 

0 B 
i 

v) 

E P 
co 
0 
c 

X 
t; 

2 
3 

i! 
0 

M 
2 

0 
M 
0 

0 
V 

M 
0 
b 

QD m 
c 

c 

ro e 
N 
0 
I 
0 
el 
0 
0 
0 

VI 
U 
0 
b 
U 

0 

c 

d 
m 
U m .u 
N 
N 

s! 

0 
VI 
b m 
M 
0 
I 

c 

2 
0 

3 

)I( 

N a 

ul 
0 
0 

0 

h 
b 

0 

M 

0 

u! 
U co 
c 

o, co 
h 

M 
b 
0, 
c 

(0 
0 
h 
N + 
0 
N 
0 
0 
0 

m ro 
(0 

m 

0 

c 

d 
0 
M m 
U 
N 
01 

X 
n 

2 
M 
M 
b 

1 
P 

VI 
b 

b 
e 

c 

9 
N 

2 
0 

3 

X 

M a 
0, 
0 
0 

0 

h 
M 
b 

0 

1 
0 

0 

U m 
c 

0 
VI ro 
U 
b m 
e 

(0 
0 
b 
(u + 
0 
N 
0 
0 
0 

m ro us 
0, 

0 

c 

d 
0 
M m 
U 
N 
N 

E 

2 
M 
M 
b 

1 
P 

m 
b 

b 
c 

c 

9 
M 

2 
0 

3 

P 

h 
b 
h 

0 

co 
M 

N 

€0 
M 

ro 
(0 
b m 

e 

c 

c 

ro 
0 
b 
N + 
0 
N 
0 
0 
0 

m ro 

m 2 

2 
v) 

0 
M 
o, 
U 
N 
N 

B 

2 
M 
M 
b 

P 

ul 
b 

h 

a 

c 

c 

9 
U 

2 
0 

ii 

P 

4 ro 
b 

0 

0, 

0, 

N 

ul 

ro 
ro 
h m 

c 

2 

c 

ro 
0 
h 
(0 + 
0 
N 
0 
0 
0 

m ro 
ro 
m c 

2 
VI 

0 
M 
o, 
U 
N 
N 

s! 

2 
M 
M 
b 

1 
P 

m 
b 

b 
c 

c 

9 
VI 

2 
0 

8 

2 
rR 
0 
0 

0 

0 co 
b 

0 

M 

0 

m 
2 
N 

ro 
0, m 
00 

ro 
b m 
c 

ro 
0 
b 
N + 
0 
N 
0 
0 
0 

0, 
ro 
ro 
m 
0 

c 

d 
0 
M 
0, 
U 
N 
N 

B 

2 
M 
M 
b 

P 

VI 
b 

h 

a 

c 

c 

9 
ro 

s 

N 
h 
b 

0 

M 

VI 
N 
N 

0 
VI 
M ro 
b 
b m 
c 

ro 
0 
b 
N + 
0 
N 
0 
0 
0 

m 
ro ro 
m 
c 

2 
v) 

0 
M m 
U 
N 
N 

X 
n 

2 
M 
M 
h 

P 

m 
b 

b 

a 

c 

c 

9 
b 

2 2  
0 0  

8 3  
5-4 

N 
0 

c 
0 

0 

0 
M 
b 

0 

0 

c 

0 

M 
U 
r 

b 
0, 

b 
b 

p: 

E 

9 
U 
M + ro 
U 
0 
0 
0 

b 

ro 
M 
ul 

c 

r 

2 
VI 

0 
N 
N ul 
N 
N 

B 

2 
ro 
VI 
0 
M 

L4 w 
v) 

N 
M 

9 
(0 

2 
0 

8 

3 

o, 
M 
U 
c 

w 
m 
0 
c 

b 
b 

b 

0 
a0 

c 

z 

ro 
N co 
ul + 
ro 
0 
0 
0 

ul 
OD 
0 

N 

0 

c 

c 

d 

2 
M 

0 
X 

2 
(u ro 
0 
M 

c1. 
ti 
c 
ro 

9 
m 

2 
0 

8, 

2 
co 
0 
0 

0 

VI 
N 
U 

c 

M 

0 

U 

m 
0 
c 

OI 

0, 

0 co 
o, 

c 

c 

9 
N 
OD 
ul + 
9 
0 
0 
0 

VI co 
0 

el 

0 

c 

c 

d 
M 
N 
c 

CI 
X 

z 
N us 
0 
M 

kl 
t- 
v1 

cr 
ro 

9 
0 
c 

2 
0 

i 

2 

M 
0 
4 
r 

0 

0 
e 
c 

c 
co 
0, 
(0 

eo 
e 

sc 

ha 
N co 
VI + 
rD 
0 
0 
0 

VI co 
0 

N 

0 

c 

c 

d 
M 
N 
c 

n 
X 

2 
N 
(0 
0 
M 

r.4 
ti 
c 
ro 

9 
c 
c 

2 
0 

ii 

c z 

M 
M 
0 

0 
V 

co 
N 

b 

m 
b 

c 

z 

VI 
0 m 
(0 + 
m 
0 
0 
0 

m 
0 
0 

c 

c 
c 

0 

d 
M 
U 
U 

n 
X 

M 
0 
0 
0 

U ro + 

N 
r 

2 
0 

8 

c 
X 

m 
M 

0 
V 

3 

ro m m co 
ro 
l- 
o, 
c 

ul 
0 
VI 
ro + 
0, 
0 
0 
0 

VI 
0 
0 

c 

c 
c 

0 
d 
M 
U 
U 

n 
X 

M 
0 
0 
0 

U ro + 

2 

2 
0 

3 

c 
x 

VI 
M 
0 

0 
V 

ul 
N 
N 
o, 

z 

2 
VI ro + 
m 
0 
0 
0 

m 
0 
0 

c 

c 
c 

s 
VI 

M 
U 
U 

n 
X 

M 
0 
0 
0 

U ro + 

z 

2 
0 

3 

P 

0 
M 
0 

0 
V 

2 

z 
ro 
co 
b 

m 
0 
ul us + 
0, 
0 
0 
0 

m 
0 
0 

c 

c 
c 

0 

d 
M 
U 
U 

B 

M 
0 
0 
0 

U ro + 

ul 
c 

2 
0 

8 

2 
U 
0 
0 

0 

VI 
0 
ro 
0 

M 
0 

b 

ro 
N 

0 
a) 

ro 
co 
h 
0, 

c 

c 

M 
U 
0, 
h + 
M m 
0 
0 
0 

co 
U 
0 
U 

2 
v) 

c 
M 
U 

n 
X 

N 

L4 
c1 
v) 

N 
0 
c 

9 
2 

2 
0 

i 

8 

c 
N us 
0 

U 

ul 
N 

M 
0 
N 
b 

0 eo m 
c 

M 
U m 
b + 
M 
0, 
0 
0 
0 

Lo 
d 
0 
U 

2 
v) 

r 
M 
U 

n 
X 

N 

L4 
ti 
N 
0 
c 

9 
h 
c 

2 
0 

3 

8 

M 
N 
ro 
0 

M 

ul 
N 

0 
ro el 
b 

0 
(0 m 
c 

M 
U m 
b + 
M m 
0 
0 
0 

co v 
0 
U 

0 
d 
c 
M 
U 

P 
X 

N 

c1. 
ti 
N 
0 
r 

9 
2 

2 
0 

8 

s 

0 
M ro 
0 

c 

ro 
N 

ro 
a) co 
0 co 

c 

z 

M 
U 
o, 
b + 
M 
0, 
0 
0 
0 

co 
U 
0 
U 

z 
vi 

c 
M 
ct 

c1 
X 

N 

c1. 
E 
N 
0 
c 

9 
m 
c 

2 
0 

8 

2 
U 
0 
0 

0 

c 
VI 
ro 
0 

U 

0 

co 
U 
N 

M 

0, 

0 co m 

c 

c 

M 
U m 
b + 
M 
0, 
0 
0 
0 

co 
U 
0 
U 

0 
d 
c 
M 
U 

n r 

N 

kl 

ti 
N 
0 
c 

9 
0 
N 

0 

3 



P 

4 m 
0 

0 

m 
co co 

b 
U 
N ro 

2 
0, 
c 

2 
b 
0 
0 

ro 
4 

(0 co 
9 

s 

M 
0, 
0 

2 
a0 
0 
0 

0 

b 
QI 
0 

8 

b m 
0 

0 

v! 
co m 

b 
b 

b 

0 co m 

c 

c 

Q) 
4 

N 
0 

0 

e 

c 

co m 

N 
M 
N 
b 

0 
Q z 

0, 
U 

b m 
0 

0 

rD 
M 
VI 

ro 
VI ro 
U 

0 m 
c 

c 

2 

co m 
0 

0 

M 

a! 
U 

b 
0 
0 
b 

a0 m 
e 

c 

2 
m 
0 
0 

0 

U 

N 
0 

c 

U 

N 

U 

0, 
c 

c 

ro 
N 
0, 

0 
Q z 

3 
m 
0 
0 

0 

m 
N 
c 

b 
r4 

VI 
M 
0 

0 
V 

ro 
ro 
M 
b 

Q 
b m 
c 

8 

c 
0, 

0 

c 

c 

U 
VI 

b 
(9 
N 
b 

0 
Q z 

2 

b 
0 

0 
V 

N 
(0 
M m 
M co m 
e 

M z 

0 
M 
0 

0 
V 

2 
ro 
co 
b m 
c 

M z 

0 
M 
0 

0 
V 

M 
b 
b 

m 
b m 
e 

M 
X 

0 
M 
0 

0 
V 

(9 

b 

0 
Q m 

e 

c 

M 
2 

0 
M 
0 

0 
V 

M 
0 
b 

a3 m 
c 

c 

m 
Q) 
0 

0 

VI 
e 

c 

U 
Q 

m 
rD 
VI 
a0 

ro 
b m 
c 

m co 
0 

0 

1 
0 

M 

U 
Q) 

U 
N 
N m 
rD 
b m 
c 

co 
0 

m 
0 
b 

M 
VI 
ro 
Q 
b m 

c 

c 

M 
N 

4 
VI 
2 

co 
VI co 
N 
a0 m 
e 

0 

U 
b 

0 

m 
b 
b m 

?! 

c 

w 
4 
W 

r4 

w 

4 
t.c 

0 
c 

2 
I m 
N m 
M 
N 

U m m 
ro 
U 

0 

c 

d 
m 
N co 
M 
tu 
(u 

2 

m m 
M 

c 
.rl 
r4 

c 
U 
0 m 

a 
X 
U 

VI 
VI 
c 

2 
0 

ki 

0 

M 
0 
I m 
N 
m 
M 
N 

U 
VI m 
rg 
V 

c 

e 

2 m 

VI 
N 
Q 
M 
N 
N 

0 

M 
0 
I 
0, 
N m 
M 
N 

U 
In 
0, ro 

c 

I 

5 
0 

m 
N 
Q 
M 
N 
N 

0 

M 
0 

I m 
N m 
M 
N 

U m m 
ro 
U 

0 

e 

r 

d 
VI 
N co 
M 
N 
N 

X 
n 

m m 
M 

c 
rl 
r4 

c 
U 
0 m 

3 
co 
m 
VI 
c 

2 
0 

i 

0 
e 

2 
I m 
N m 
M 
N 

U 
m m ro 
U 

0 

c 

d 
VI 
N 
Q 
M 
N 
N 

X 
n 

m 
VI 
M 

c 
-4 
r4 

e 
U 
0 m 

B 
m 
m 
VI 
c 

0 

M 
0 
I m 
N 
VI 
M 
N 

U 
VI m 
ro 
U 

0 

c 

c 

d 
m 
N co 
M 
N 
N 

0 

M 
0 
I m 
N m 
M 
N 

U m m 
ro 
U 

0 

c 

e 

d 
m 
N co 
M 
N 
N 

m m 
M 

c 
*rl 
r4 

c 
U 
0 m 

a 
X 

N m m 

c 

2 
0 

i 

0 

M 
0 

I m 
N m 
M 
N 

U 
VI m 
ro 
U 

0 

c 

c 

d 
m 
N co 
M 
N 
N 

0 
X 

m 
VI 
M 

c 
rl 
r4 

c 
U 
0 m 

* 
X 
N 
N m 
VI 

2 
0 

i 

0 

M 
0 
I m 
N m 
M 
N 

U 
VI m ro 
U 

0 

e 

c 

d 
m 
N 
a3 
M 
N 
N 

0 

M 
0 
I m 
N m 
M 
N 

U 
VI m 
\o 
U 

0 

c 

e 

d 
VI 
N 
Q 
M 
N 
N 

M 
U 
U 
0 + 
0 

M 
N 

PI 
a) 
ut co 
N 

0 

s 

c 

5 
m 
M 
U 
N 
N 

X 

c 

n 

0 
0 

N 

U 

e 

c 
c 
c 
b 
c 

9 
m 
tu m m 

2 
0 

i 

M 
4 
U 
0 + co ro m 
M 
N 

b co 
U co 
N 

0 

c 

d 
VI 
M 
U 
N 
N 

c 

0 

N co 
I 
VI 
b m 
M 
N 

ro m m co 
VI 
N 

c 

2 
VI 

N 
rD 
M 
U 
N 
N 

Q 
0 
VI 
N + 
a0 
b 
ul 
M 
N 

c 
c 

2 

d 

m 
0 

b 
N 
U 
U 
N 
N 

X 
n 

ut 
4) a 
4 
u) a 
U ro 
0 
0, 

a 
X 
co 
N 
VI 
VI 

2 
0 

i 

00 
0 
VI 
tu + co 
b m 
M 
N 

c 
c 

2 

d 

0, 

0 

b 
N 
U 
U 
N 
N 

X 
n 

P 
4) a 

.rl 
u) a 
U 
rD 
0 m 

B 
m 
N 
VI m 

2 
0 

i 

VI 
U 

+ m 
Q 
ul 
M 
N 

b 
U m 
VI 
M 

0 

2 

d 
N 
b m 
U 
N 
N 

P 
X 

co 
u) 
m 
U 
m 
8 

.rl 
m 

c 
b 
0 m 

a 
X 
0 
M 
VI m 

2 
0 

i 

VI 
U m 
VI + m 
Q m 
M 
N 

b 
U m m 
M 

0 
4 
VI 

N 
b m 
U 
N 
N 

X 
n 

m 

m u) 

0 
m 

.A 
m 
8 

c 
b 
0 m 

a 
X 

M m m 

c 

2 
0 

2 

m 
U 
VI 
VI ’+ m co m 
M 
N 

b 
U m 
VI 
M 

0 

5 
N 
b 
VI 
U 
N 
N 

X 
n 

co 
111 m 
0 
m 
I 
P 
.d 
m 

c 
b 
0 m 

a 
X 
N 
M m m 

4 m 

I 
ro m m 
M 
N 

b 

0 
b 
U 

0 

2 

c 

c 

d 
e 
ro ro 
U 
N 
N 

X 
n 

ui 
M 
M ro 

I 

M 
M m m 

c 
M 
0 
I 
0, 
N m 
M 
N 

U 
VI 
0, 
rg 
U 

0 

c 

5 
VI 
N co 
M 
N 
N 

E co 
(0 
0 
e 

E 

2 

z1 

2 

i 
0 

0 

U 

w 

r4 
0 

z1 

n 
CI 
v1 

n 
4 

4J 
U 
0 

N 

I a 
c3 
m 

c 
rg 
0 m 

a 
X 
b 
N m 
VI 

2 
0 

i 

m m 
M 

c 
.rl 
r4 

c 
U 
0 m 

3 
m 
VI m 
c 

2 
0 

ki 

0, m 
M 

.5 
r4 

c 
U 
0 
0, 

a 
X 

‘0, m m 

2 
0 

3 

m 
VI 
M 

c 
rl 
ck 

c 
U 
0 m 

0 
N 
VI 
VI 

m m 
M 

c 
.rl 
r4 

c 
U 
0 m 

a 
X 
M 
N m 
VI 

2 
0 

ki 

m m 
M 
c 

.rl 
r4 

c 
U 
0 
0, 

ce 
X 
U 
N m 
VI 

2 
0 

i 

0 
0 

N 

U 

c 

c 
c 
c 
b 
c 

3 
(0 
N m 
VI 

a 
0 

3 
2 2  
0 0  

ii c -  c 

3 2  
0 0  

2 :  



w 
13 
H 

ck 

w 
a 
a 
cc 
E 
0 

p5 

Lk 

P 

5 
r( m I 

m 
Q O  
E c c  .. 

k 
4J 
4J m 

v) 

P 
cz 
0 

U 

w 
Ir: 

ck 
0 

W 
X 
H 

cc 
v) 

n 
13 

w - m  
k 
Q) 
4J 
C 
H 

b 
U o m  

e l *  
I O 0  
~m C 

-rl a 
C m 

" a 
4) 
4J 
4J 
*4 

8 

W 

UI 
.rl 
5: 
4J 

a 
&a 

UI 

3 
m m 

m 
3 

Y 
b 

0 
+, c c  

0 0  
.d .d P 

C 
-4 a 
k 
0 
0 

P 

0 cc $ 3  
k U I  

a a  m o  

. 
II m 

b 
ul 
M 
M 
0 

I 
N 
ul 
M 
0 
0 

I I  m 
b 

0 
N 
0 

0 + 
M 
b 
c 
0 
0 

0 
0 

0 
0 

c3 
zz 
X H X  
3 n w  
aun 
O W Z  

O X H  



W 
I-1 
n 
Lk 

W 
a 
4 
w 
E 
0 
p: 
L 

v) 

c1 
p: 
0 
La 
W 
p: 

L 
0 

D 

z 
H 

w 
v) 

n 
I-1 

111 
al 
4J 
0 
2 

c 
.rl 

. 

a 
0 
E 
ccc 
k 
Q) 
4J c 
n 
" 

!I z 
!? 

s 

H 
L 

W a 

c v v 

0 
f- 
N 
N 
U 

B 
i 
0 

UI 
4 

e 
0 

*rl 
4J 
.rl 
UI 
0 a 
4J 
0 
Q) 
k 
k 
0 
0 

9) 

5 
8 
.. 
SI 
0 a 
a 
c 

.rl 

M 
N 
U + 
0 
0, 
VI 
N 
N 

m 

c 

(u 
N 
U 

2 
0 

3 

M 
N 
U + 
0 co 
ul 
N 
N 

c 

M 
N 
U 

2 
0 

2 

b m 
U ro 
c 

9 
II 

N 
U 
b 
0 

I 
N 
ul 
0 
M 
N 

U r n  
N N  
U U  

2 2  
0 0  

i 2  

m 
co co 
p: 
X 
I I  

M 
N 
VI 
b + m 
b 
0 
M 
N 

bco 
N N  
U U  

c 

2 2  
0 0  

3 3  
5-7  

c 

ro ro co so 

g 
I1  

b 
N 
M 
t 
0 m 
M 
N 

O r  
M M  
U U  

F 

c 

2 2  
0 0  

3 3  

+, 
-4 
A 
k 
0 

V 
-4 
k 
4J 

0 
k 
al ccc 
k 
Q) 
4J c 
.rl 
\ 
0 

.rl a 
0 
0 
UI 
0 
k 
4J 
0 
Q) 

t 

4 
al c 
4J 
yc 
0 

UI 
.rl 
UI 
$, 
r( : 

cv 
M 
U 

2 
0 

3 

U m 

d 

P 

4 
5 

9 

v) 

a 
ccc 
Y 

k 

X 
a 

m 

k 
al 
4J 
UI 
4 
rl 

r 
$, 
A 

2 

5 r 
.d 

UI 
*rl 

tn 

M 
M 
U 

2 
0 

3 

A 

N co m 
c . 
N 
M 
a) 

U 
M 
U 

2 
0 

3 

M 
0 
0 m 

g 
I I  

ul 
N 
ro 
U + 
0 
ro 
U 
M 
N 

bco m m  
V U  

2 2  
0 0  

3 3  

8 
c 
-4 

a 
Q) 

4J 
4J 
.rl a 
UI 
m 
3 
al 
2 a 
t 
UI 

.rl c 
f- 

VI 
M 

QI 

b 
b 

c 

m 
M 
U 

2 
0 

i 

4J r: 
0 

a 
li 
0 
0 

a 
k 

.rl c 
4J 
al c 
4J 

k 
Q) c 

4J 
Q) c 
3 
a 
8 

.rl 
rl 
A 
(d 

4J 
UI 
Q) 

4J 
0 c 
UI 

.rl 

4J 

5 

n 

0 
v 
U 

2 
0 

9 
k 
0 

2 
0 
Y 

UI 
rn 
E 
0 
r( 
0 
A 
a0 
M 
b 
U 

co 
c 

5 
$ 
a 

k 
Q) 
UI 
A 
0 

c 
U 
U 

2 
0 

i 


